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基于我们的软件对锌与 Aβ前 16 残基片段的复合物（ Aβ1-16-Zn）的模拟，










CMAP 力场是对主链二面角相互作用能的修正。结合 CHARMM22 力场，
CMAP 力场保证了即使经过长时间模拟α螺旋也能保持稳定。但是，近年发现





















































Alzheimer Disease is mainly arised from the over aggregating of Amyloid-β peptide 
(Aβ). Zinc is found play a key role in Aβaggregation. We mainly study the interaction 
between zinc and Aβ with molecular dynamics simulation. Due to the complexity of 
the coordinating mode of the zinc binding site, it’s far not enough to present the 
zinc-coupled interaction with the classical van der Waals interaction and point-charge 
columbic interaction. In order to correctly describe the interaction in the zinc binding 
site, two significant quantum effects must be taken into account in the molecular force 
field, namely induced polarization and charge transfer. Nevertheless, Aβ is an 
intrinsically disordered peptide in aqueous solvent, indicating that zinc affects not 
only the first-shell ligands, but also the domains out of the zinc binding site. As a 
consequence, we develop a multiscale dipole model, aiming at elucidating global 
impact of zinc on the peptide. According to the distances of amino acid residues from 
zinc, we divided the induced dipoles into three distinct scales. Besides, the 
polarizabilities of ligating atoms are rescaled so as to present the delocalization effect 
induced by zinc. At the same time, we develop a all-atom protein dynamics simulation 
software, in which the multiscale dipole model is incorporated.  
After simulations of the 1-16 region of Aβ (Aβ1-16) upon zinc binding with our 
software, we achieve following important conclusions: (1) the radius of zinc, 1.09 Å, 
is more appropriate than 0.88 Å in the study of Aβ-Zn complexes. On the on hand, 
0.88 Å produces over compact space in the zinc binding site, leading to the exclusion 
of one of the ligating oxygen atoms on the 11th residue. On the other hand, combined 
with other induction effects of zinc, like delocalization, polarization, and charge 
transfer, the raidus of 1.09 Å provides coordinating geometry which is in good 
agreement with experiment. (2) The structure of the whole peptide is stabilized during 
the simulation, indicating that the polarization force of zinc has a global impact on the  
Aβ1-16 peptide. (3) We reveal that it’s the polarization force of zinc that dominates the 
location of some hydrophobic residues. For example, the forth residue Phe of 















clustering. Zinc induces attractive polarization force with the residue, enabling it to 
stay in the core of the peptide.  
CMAP force field is a two-dimentional energy correction to the backbone 
dihedral torsion. Combined with CHARMM22 force field, CMAP force field 
guarantees the stability of α helix even with long-time simulation. However, one 
problem emerges that CMAP force field is found to overestimate α helix. Through 
simulations of  Aβ1-16 monomer solvated in implicit water, we also found the same 
phenomenon. Now that the zinc-induced secondary-structure transition of Aβ is 
tightly correlated with Aβ aggregation, it’s of great importance to explore the physical 
mechanics behind CMAP force field. In chapter 4, with the principal component 
analysis to the CMAP energy maps, we point out that it’s probably that the cross 
interaction of backbone dihedrals are drived by a minority of principal forces. 
Chapter 5 introduces some other work of the author, including the simulation of 
the stochastic dynamics of the ion-channel models. In the chapter, we discuss some 
improved ion-channel Langevin model, including the Langevin equations with 
rescaled noise intensity, Langevin equations with truncated restored fractions, and 
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第 1 章 基本背景 
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（主链）及从骨架伸出的各个侧链（R1, R2,…RM）构成（如图 1-1a），这是 E. Fischer






















     
          (a)                                (b) 
图1-1 (a) 游离的氨基酸(b) 含有三个氨基酸残基的肽链 (图片来源：文献[1])  
 
蛋白质链中的残基数 M 可从几十至数千个不等，其数值由基因编码决定。
1955 年，Frederick Sanger 发现每个蛋白质都有一个独特的氨基酸序列。蛋白质
中的氨基酸序列信息存储在 DNA 中，信使 RNA 从 DNA 中转录这些信息，并为
下一步翻译成蛋白质提供遗传信息。人体中主要的氨基酸残基有 20 种，其中 8
种必需氨基酸是人体无法合成的，需要通过外界获取。根据侧链上基团的物理性
质，在中性水溶液中，这 20 种常见的氨基酸可分为酸性和碱性，极性和非极性： 
酸性：Asp, Glu (带负电)， 
碱性：Lys, Arg (带正电)， 
极性：Ser, Thr, Tyr, Asn, Gln （不带电）， 
非极性：Gly, Ala, Val, Leu, Ile, Phe, Trp, Pro, Met, Cys （不带电）。 
在 PH=7.0 附近，溶液的酸碱度不易影响上述氨基酸的质子化态，因此不会
改变它们的带电荷。组氨酸（His）的情况比较复杂：在中性水溶液中（即 PH=7.0）, 
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